We describe in detail the floral ontogeny of Nymphaea tetragona from a wild population to provide evidence regarding the phylogenetic position of Nymphaea and to reveal evolutionary trends of flowers in Nymphaeaceae by comparison with that of the other genera. Four sepals are initiated unidirectionally. The basal petals are initiated unidirectionally and alternate with the sepals. The dome-shaped floral apex continues to expand and produces more petal and stamen primordia. The remaining petals and all stamens are initiated in spirals or whorls. Later, the periphery of the floral apex grows more quickly than the centre and results in a depression in the centre of the apex after all stamens have been initiated. Carpels are simultaneously initiated in a cycle at the periphery of the depression. They are ascidiate. After all organs have been initiated, the centre of the depression on the floral apex grows and develops into a globular structure. The connected inferior ovary, stigma caps and the globular floral apex together form an extragynoecial compitum. Within Nymphaeaceae, the floral ontogeny of Nymphaea is most similar to that of Euryale and Victoria. It differs more from Ondinea and Barclaya, and differs most from Nuphar.
INTRODUCTION
Study of the floral development of members in Nymphaeaceae and other ANITA (Amborella, Nymphaeales, Illiciales, Trimenia, Austrobaileya) grade taxa (see Les, Garvin & Wimple, 1991; Chase et al., 1993; APG, 1998; Les et al., 1999; Mathews & Donoghue, 1999 Qiu et al., 1999 Qiu et al., , 2000 Qiu et al., , 2001 Soltis et al., 2000; APG II, 2003) may reveal the evolutionary trends of flowers among these early branching angiosperms. Chen & Zhang (1991) investigated the floral anatomy of Euryale ferox Salisb. in a series of developmental stages and revealed bilateral initiation of sepals. Tucker & Douglas (1996) revealed trimerous and whorled initiations of the floral organs of Cabomba caroliniana Gray. Endress (2001) found that Cabomba Aubl., Nuphar Sibth. & Sm. and members of other early diverging angiosperm families are similar in having trimerously whorled initiations of floral organs, but Victoria Lindl. has tetramerously whorled initiations. Research on the floral development of Nymphaeales by Schneider, Tucker & Williamson (2003) revealed that, in Nuphar, the five to six sepals are spirally initiated but arranged in two whorls, and the 6-24 petals and numerous stamens are arranged in whorls or spirals. In Euryale Salisb., Nymphaea L., Ondinea Hartog and Victoria, the four sepals are unidirectionally initiated. The outermost petals are unidirectionally, but the remaining petals are simultaneously initiated in whorls as in Nymphaea (with numerous petals), but all petals are simultaneously initiated in a whorl/whorls in Euryale (four), Ondinea (zero to four) and Victoria (numerous). The initiations of stamens are simultaneously multi-whorled and those of carpels are simultaneously single-whorled in all Nymphaeaceae. In contrast, in Cabomba and Brasenia Schreb. of Cabombaceae, the initiations of all floral organs are trimerous and simultaneously whorled (Schneider et al., 2003) .
The genus Nymphaea has approximately 50 species, which are widespread in temperate and tropical regions. Five species and one variety of Nymphaea occur naturally in China. Two other species, Nymphaea mexicana Zucc. and N. alba L. var. rubra Lönnrot, are cultivated as ornamentals (Fu & Wiersema, 2001 ). The genus has been subdivided into five subgenera: Anecphya (Casp.) Conard (seven to ten species), Brachyceras (Casp.) , Hydrocallis (Planch.) Conard (14 species), Lotos (DC.) Conard (two to three species) and Nymphaea Linn. (eight species). Each subgenus displays a characteristic distribution. Nymphaea subgenus Nymphaea ranges throughout the Northern Hemisphere in temperate regions, Lotos is palaeotropical, Hydrocallis is restricted to the Neotropics, Brachyceras has a pantropical range and Anecphya is restricted to Australia and New Guinea. This widely accepted classification into five subgenera traces back to Conard's (1905) monograph of Nymphaea. Conard grouped subgenera Anecphya and Brachyceras as Apocarpiae on the basis of the carpel walls being only partially fused. He included subgenera Hydrocallis, Lotos and Nymphaea in Syncarpiae, with more complete carpel wall fusion. Conard's Apocarpiae and Syncarpiae reflect sections Leptopleura and Symphytopleura, previously published by Caspary (1865 Caspary ( , 1888 . Jacobs & Porter (2007) recognized six subgenera in Nymphaea. Subgenus Nymphaea has been subdivided into three sections: Chamaenymphaea, Nymphaea and Xanthantha (Conard, 1905) .
Research into the molecular phylogenetics of Nymphaea, based on the plastid trnT-trnF region, has revealed that monophyly of the genus was not supported because the Australian genus Ondinea was nested within Nymphaea subgenus Anecphya . If Ondinea were to be included in Nymphaea, the range of variation in flowers and vegetative parts in Nymphaea would be much greater. Therefore, multidisciplinary studies are necessary to obtain more evidence for the phylogenetics of the genus.
Using quickly evolving and non-coding plastid markers, did not obtain convincing support for monophyly of Nymphaeaceae with respect to Nuphar. Moreover, the genus Nymphaea was inferred to be paraphyletic with respect to Euryale, Ondinea and Victoria. The Australian endemic Ondinea formed a strongly supported clade with members of the Australian Nymphaea subgenus Anecphya. Victoria and Euryale were inferred to be closely related to a clade comprising all the night-blooming water-lilies (Nymphaea subgenera Hydrocallis and Lotos).
Nymphaea tetragona Georgi, belonging to subgenus Nymphaea section Nymphaea (or section Chamaenymphaea), has the most widespread distribution (extending to sub-boreal and boreal regions of the Northern Hemisphere) among the species of the genus, living in ponds or lakes from near sea level to 4000 m altitude (Fu & Wiersema, 2001) . It is a perennial aquatic herb with erect, unbranched rhizomes. The flower of N. tetragona is floating and 3-6 cm in diameter. The calyx of four sepals is inserted on a prominently tetragonal receptacle; the sepals are broadly lanceolate to narrowly ovate, 2-3.5 cm, obscurely veined and persistent. There are 8-17 petals, which are white, broadly lanceolate, oblong or obovate, 2-2.5 cm, with a gradual transition to stamens. There are 35-47 stamens. The filaments of the inner stamens are wider than the anther, connected apically without an appendage. The 5-11 carpels are completely adnate; the walls between the locules of the ovary are single. There are 5-11 stigma rays. The carpellary appendages are ovate. In addition to the four sepals and the numbers of petals, there are fewer stamens and carpels than in other species.
This paper aims to provide a detailed description of the floral ontogeny of N. tetragona from a wild population, and to obtain a comprehensive understanding of its floral development, especially the dramatic changes in the floral apex. This research contributes to the body of evidence on phylogenetics and systematics of Nymphaea, and reveals trends in the floral evolution within Nymphaeaceae. Our conclusions on the systematics and floral evolution of Nymphaea are based on comparisons with other genera in Nymphaeaceae, except for the genus Barclaya, for which information on floral ontogeny is lacking.
MATERIAL AND METHODS
Shortened stem tips with floral buds (samples) were collected from a wild population of N. tetragona in an alpine pond (Langpan Lake, Mangshan Mountain National Natural Reserve, Yizhang County, south Hunan Province, central China). They were preserved in formalin-acetic acid-alcohol (FAA, 1 : 1 : 3). Vouchers (Table 1 ) are deposited at the herbarium of Hunan Normal University (HNNU).
The fixed stem tips were dehydrated through a series of alcohol solutions ranging from 50% to 95%. The floral buds were removed from the shortened stem tips and dissected at relevant developmental stages. The pretreated material was further dehydrated with and temporarily preserved in 100% alcohol. The material was passed through a series of isopentanol acetate and alcohol solutions and the alcohol was replaced by isopentanol acetate before being dried in a Hitachi HCP-2 CO2 Critical Point Dryer. The dried material was mounted on stubs and coated with gold in an RMC Eiko IL-5 Ion Sprayer. Micrographs of the gold-coated material were taken with a JEOL JSM-5600 L scanning electron microscope (SEM) at 25 kV.
RESULTS
Floral primordia are initiated spirally, without subtending bracts. The floral primordium arises in the form of a round, dome-shaped protuberance (Fig. 1A) .
Among the four sepal primordia, the abaxial is the largest, the lateral two are the same size and smaller than the abaxial, and the adaxial is the smallest. Therefore, the first to be initiated is the abaxial sepal primordium, followed by the two lateral sepals and, finally, the adaxial sepal ( Fig. 1B-F) . A barrel-shaped pedicel is developed beneath the young flower ( Fig. 1C , E, F) but, later, it is enveloped by the outgrowth of stem tissues ( Fig. 1G-I ).
The first two petal primordia are simultaneously initiated close to and alternate with the first-initiated abaxial sepal primordium. The second two petal primordia arise as a pair close to and alternate with the adaxial sepal primordium. This is followed by the initiation of a single petal primordium at the position opposite to the abaxial petal primordium. Another pair of petal primordia are then initiated at positions opposite to the two lateral sepal primordia, but slightly closer to the abaxial sepal primordium (Fig. 1E) . Later, the upper petal primordia are initiated in the alternate manner from anterior or abaxial to posterior or adaxial, and from pairs to single ( Fig. 1F-H ). Among the 8-17 petal primordia, many more are initiated at the abaxial positions than at the adaxial positions ( Fig. 1H-J) . Therefore, the initiation of petal primordia does not occur in radial symmetry, but in a dorsal-ventral or bilateral manner.
With flattening and expanding of the petal primordia, the stamen primordia are initiated spirally ( Fig. 1H-K ). There are 35-47 stamen primordia that are initiated and arranged in parastichies and orthostichies along the protruding receptacle ( Fig. 2A-E ).
An intergradation between petals and stamens seems to exist in this species (Figs 2J-L, 3A-E).
After the initiation of all stamen primordia, the floral apex on top of the receptacle becomes depressed ( Fig. 2A) . A dome-shaped protuberance then arises in the depressed central part of the floral apex (Fig. 2B,  D-G) .
When all petal primordia have flattened and taken the shape of petals, the stamen primordia elongate and broaden (Figs 2J-L, 3A, B). At the ventral side of each stamen primordium, two longitudinal sporangia develop. Concurrently, at the margins, two sporangia develop. The dorsal side is flat ab initio. Once the sporangia start to develop, a longitudinal shallow furrow is formed along the dorsal side of the anther ( Fig. 3C-E) . The well-developed stamen is laminal and has a long anther with four longitudinal sporangia and a short flat filament (Fig. 3F) .
Once all stamen primordia have been initiated, the apical meristem of the floral apex becomes deeply depressed. However, the central bottom part of the overall depressed meristem is slightly convex ( Figs 1L, 2A, B) . A circular groove is formed around the round central protuberance (Fig. 2D-G) . Later, outside the circular groove and inside the lastinitiated stamen primordia, six or 7(-11) round carpel primordia are initiated simultaneously (Figs 2H-L, 3G-I).
The carpel primordia and the round central protuberance then heighten and the circular groove inside the circle of carpel primordial becomes deeper. The carpel primordia become heightened and flattened (Fig. 3K, L) .
Later, with the carpel primordia heightening and flattening, two or three shallow grooves develop at the marginal or dorsal side and at the ventral side of each lobe (Fig. 4A) . At this time, a two-part receptive stigmatic part begins to develop (Fig. 4B) . The outer part, which is always higher than the receptive part, is the so-called appendage of stigmatic lobes. The appendages develop into ovate blades with pointed apices (Fig. 4A-C) . Finally, the appendages inflect over half of the receptive stigmatic part (Fig. 4C) . The round central protuberance and the stigmatic lobes together form a cup-shaped stigmatic disc. The carpels become adnate laterally; also, they are raised on a common disc to form a compound gynoecium together with the central apical residuum. The receptive surfaces of the stigmatic lobes are two-part elliptical protuberances separated by a fine slit (Fig. 4B-D) . The receptive surfaces are covered by dense globose papillae and can become secretory during their pollen receptive phase (Fig. 4E, F) . The round central protuberance or the apical residuum finally becomes cylindrical and raised above the carpels (Fig. 4A-D) . DISCUSSION Schneider et al. (2003) studied the floral development of N. odorata subsp. odorata, but were unable to provide comprehensive details on its development because of a lack of sufficient material from all developmental stages. Our study on N. tetragona shows that the floral developmental characters should be similar within this genus.
No bract primordium is initiated before the floral primordium in the floral buds of N. tetragona. This is similar to that of other Nymphaea species, Ondinea, Victoria and Euryale. Therefore, the flowers of the four genera (and also Barclaya) are initially ebracteate, but those of Nuphar are bracteate (Schneider et al., 2003) .
In N. tetragona, in the early stages, the floral apex is dome-shaped. The four sepals show a unidirectional initiation sequence. The abaxial sepal is initiated first, followed by the lateral two and, finally, the adaxial sepal. This sequence is uniform in Nymphaea, Ondinea, Victoria and Euryale (Schneider et al., 2003) . The four petals of the first whorl are initiated unidirectionally. The initiation sequence of the petals of the first whorl is commonly unidirectional in Nymphaea, but simultaneous and alternate with the sepals in Nuphar, Ondinea, Victoria and Euryale (Schneider et al., 2003) . In N. tetragona, the petals of the second whorl are initiated in pairs opposite to the first whorl of petals. The petals of the remaining whorls are initiated simultaneously.
The stamens of the same whorl are initiated simultaneously in Nymphaea, and the successive whorls of stamens form orthostichies or, finally, parastichies, which are the same as in the other genera.
After the initiation of all petals, the floral apex swells into a significantly larger dome capable of producing numerous stamen primordia. This is similar to that of Nuphar (Schneider et al., 2003) . With the initiation of the upper stamens, the periphery of the floral apex grows more quickly than does the centre. This results in the formation of a depression at the centre of the floral apex after all stamen primordia have been produced. All carpel primordia are initiated in a cycle at the sides of this central depression, but it is the subsequent growth of the receptacle below the level of the carpel primordia that determines whether the gynoecium becomes inferior, as in Victoria (see Schneider et al., 2003: S288) . In Nymphaea, the gynoecium is perigynous or halfinferior. This action of the depression at the centre of the floral apex in N. tetragona differs from that in Nuphar, but is similar to that in Ondinea, Euryale and Victoria, as observed by Schneider et al. (2003) , although the depth and initiating time are different for these genera. The depression of the floral apex may be a homologous evolutional character of these genera. The earlier and more deeply the depression forms on the floral apex, the greater the number of floral organs produced. Being initiated at the base of the depression, the ovary is inferior. (It is inferior to the last initiated appendages, such as the carpels and the innermost stamens, but superior to the sepals and outermost petals and half-inferior to the inner petals and outer stamens.)
After having produced all organs, the centre of the apical residuum at the bottom of the depression gradually forms a prominent protuberance. A similar central protuberance can also be found in Ondinea, Euryale and Victoria, but not in Cabomba, Brasenia, Nuphar and Barclaya (Schneider et al., 2003) . Friis, Pedersen & Crane (2001) found an early Cretaceous water-lily-like fossil flower that also has a central Figure 1 . A, Dome-shaped floral primordium. Scale bar, 20 mm. B, The abaxial sepal primordium seems to be initiated first because it is much larger than the adaxial primordium; the lateral two are the same size, but smaller than the abaxial primordium. Scale bar, 50 mm. C, Enlargement of the sepal primordia and floral apex; development of a pedicel. Scale bar, 50 mm. D, Enlargement of the sepal primordia and floral apex as in B and C, but the sepal is much larger. Scale bar, 50 mm. E, The four enlarging sepals and the initiation of the first whorl of the petal primordia alternating with the sepals, and a short barrel-shaped pedicel. Scale bar, 50 mm. F, Same as in E. Scale bar, 50 mm. G, Whorls of petal primordia, each in alternate positions of the previous whorl. Scale bar, 50 mm. H, Whorls of petal primordia and the first initiated stamen primordia. Scale bar, 50 mm. I, Development of petals and initiation of stamen primordia. Scale bar, 50 mm. J, Petal and stamen primordia. Scale bar, 50 mm. K, Whorls of stamen primordia. Scale bar, 50 mm. L, Whorls of stamen primordia and depression of the floral apex. Scale bar, 50 mm. A, floral apex; P, petal primordia; S, sepal; St, stamen primordia. ᭣ protrusion around which 12 carpels are arranged in a whorl. This fossil shows that, although the development of a central protuberance in the depression at the centre of the floral apex is an evolutionary synapomorphy in Nymphaeaceae, it may have formed at an early stage in the evolution of angiosperms.
The sepal number of four and the unidirectional initiation order are consistent with those in Barclaya, Ondinea, Euryale and Victoria. The sepal numbers of Cabomba and Brasenia are three, whereas the sepals of Nuphar number five to six. In Cabomba and Brasenia, the sepals are initiated simultaneously in a whorl, whereas in Nuphar they are initiated sequentially in a spiral. The Cretaceous water-lily-like fossil of Friis et al. (2001) also has trimerous whorls of organs. This may indicate that trimery and the helical initiation of sepals are primitive characters, whereas tetramery or pentamery and the unidirectional initiation of sepals are derived characters, at least in Nymphaeales and Alismatales (Salisbury, 1926; Kaul, 1967; Charlton, 1968 Charlton, , 1973 Charlton, , 1991 Charlton, , 1999a Singh & Sattler, 1972 , 1973 , 1977 Charlton & Ahmed, 1973a, b; Sattler & Singh, 1978; Wang & Chen, 1997; Wang et al., 1998; Liu, Lei & Hu, 2002) .
The basal petals are initiated in a unidirectional order like the sepals in Nymphaea, but in double positions or pairs forming a whorl of six in Nuphar, a first whorl of four and a second whorl of eight in Victoria, and a whorl of four in Euryale. The initiation of floral organs (mainly the stamens) in double positions or pairs also occurs in Alismataceae (Salisbury, 1926; Kaul, 1967; Charlton, 1968 Charlton, , 1973 Charlton, , 1991 Charlton, , 1999a Singh & Sattler, 1972 , 1973 , 1977 Charlton & Ahmed, 1973a, b; Sattler & Singh, 1978; Wang & Chen, 1997; Wang et al., 1998; Liu et al., 2002) . The upper petals (if present) and all stamens are initiated in an unclear whorled arrangement in almost all genera of Nymphaeaceae. In Ondinea, the petals have a fixed number of four and are initiated simultaneously in a whorl (Endress, 2001; Schneider et al., 2003) , and the stamens are all initiated in successive whorls of four. It can be inferred that in Nymphaea, Nuphar, Euryale and Victoria the continuous expansion of the floral apical surface causes a corresponding increase in organ number of each whorl.
The ascidiate carpels, which are common in Nymphaeaceae (Endress, 2001; Schneider et al., 2003) , are initiated in a whorl simultaneously on the side of the central depression on the floral apex in Nymphaea. The ovaries fuse together laterally, develop under the floral surface and become inferior and compound. The stigmas form a round stigma cup around the prominent central apical residuum. Therefore, the mature gynoecium has a complicated architecture, which was named an extragynoecial compitum by Endress (2001) . Ondinea, Euryale and Victoria share these developmental and structural characters of the gynoecium. Although Illicium has a similar structure, its development is different. As a result of the spiral initiation of its carpels, its central floral apex is a real residuum of the floral apex, but does not develop secondarily from the centre of the depression on the floral apex. Its similar gynoecium structure, therefore, is not homologous to that of Nymphaeaceae (Endress, 2001) .
Based on our comparison, it can be concluded that Nymphaea is similar to Nuphar in terms of the floral apex shape at an early stage, and has an unclear whorl initiation of petals and stamens. It is similar to Ondinea, Euryale and Victoria in the number and initiation order of the sepals, the initiation pattern and structure of the carpels, and the development of a floral apex structure. Among the other genera of Nymphaeaceae, Nymphaea is most similar to Euryale and Victoria. In addition to the common preceding characters, the flower apical surface enlarges into a depression for growing more floral organs, and the carpels are all initiated on the brim of the depression on the floral apex. Among these three genera, we can presume that the evolutionary trend of floral Figure 2 . A, Whorls of stamen primordia, each primordium in an alternate position to the previous whorl, and the depressed floral apex. Scale bar, 50 mm. B, Petals and whorls of stamen primordia, and floral apex producing a dome and circular depression between it and the last whorl of the stamen primordia. Scale bar, 100 mm. C, Petals and whorls of stamen primordia. Scale bar, 50 mm. D, Petals and whorls of stamen primordia, and floral apex producing a dome and circular depression between it and the last whorl of the stamen primordia. Scale bar, 100 mm. E, Same as in D, but with the organs enlarged. Scale bar, 100 mm. F, Same as in D, but with the petals and stamen primordia further enlarged. Scale bar, 50 mm. G, Initiation of a whorl of carpel primordia in alternate positions to the last whorl of the stamen primordia. Scale bar, 50 mm. H, Whorls of elongated and flattened stamens, a whorl of carpel primordia and dome-shaped floral apex. Scale bar, 100 mm. I, The last whorl of stamen primordia, a whorl of carpel primordia and a dome-shaped floral apex; amplified central part of H. Scale bar, 50 mm. J, Whorls of elongated and flattened stamens, a whorl of carpel primordia and globose apical residuum. Scale bar, 100 mm. K, Petal and whorls of elongated and flattened stamens in lateral view. Scale bar, 100 mm. L, Whorls of elongated and flattened stamens and cylindrical apical residuum Scale bar, 100 mm. A, floral apex; Cp, carpel primordia; P, petal primordia; S, sepal; St, stamen primordia. ᭣ development is that the floral apex enlarges its surface by forming an increasingly deep depression, with the depression initiation time becoming earlier, and the apical surface increasingly expanding. This results in a tendency for the floral organ number to increase, especially the petal and stamen number. Friis et al. (2001) found fossil evidence of waterlilies (Nymphaeales) in the Early Cretaceous. The fossil flower was perigynous and its gynoecium was syncarpous, forming 12 carpels arranged in a whorl around a central protrusion of the floral apex. These characters make it most similar to Nymphaea among extant Nymphaeales. However, there are many differences between it and extant Nymphaea, including a trimerous floral radix (or basic number) and a fixed number of perianth parts and stamens. Therefore, if Figure 3 . A, B, The abaxial petals are apparently larger than the adaxial ones, the stamens are flattened, and the floral apex is cylindrical. Scale bars, 100 mm. C, Same as in A and B. Scale bar, 100 mm. D, The stamens are flattened and elongated, and the sporangia have developed. Scale bar, 200 mm. E, Similar to D, but the stamens are much larger and the sporangia are more apparent. Scale bar, 100 mm. F, A developed stamen with four sporangia. Scale bar, 500 mm. G, The last whorl of stamen primordia and the apical residuum. Scale bar, 50 mm. H, The apical residuum after all stamen primordia have been initiated; amplified part of G. Scale bar, 20 mm. I, The last whorl of stamen primordia, the carpel primordia and the globose apical residuum. Scale bar, 50 mm. J, The globose apical residuum after all carpels have been initiated. Scale bar, 10 mm. K, The heightened carpel primordia and the cylindrical apical residuum. Scale bar, 100 mm. L, The heightened and flattened carpels and the cylindrical apical residuum. Scale bar, 100 mm. A, floral apex; Cp, carpel primordia; P, petal primordia; S, sepal; St, stamen primordia. ᭣ Figure 4 . A, Carpels and cylindrical apical residuum; each carpel has two grooves on the back. Scale bar, 100 mm. B, Carpels with stigmas developed; each stigma has a two-part receptive part and one flattened appendage; the apical residuum is cylindrical. Scale bar, 100 mm. C, Stigmas with two-part receptive parts, and laminar appendages which are introflexed and cover the receptive parts containing globose papillae; the apical residuum has ceased to enlarge. Scale bar, 200 mm. D, The apical residuum and fully developed stigmas covered with globose papillae, with the laminar appendages removed. Scale bar, 200 mm. E, Surface of the receptive parts of the stigma covered with globose papillae. Scale bar, 50 mm. F, Globose papillae on the receptive surface of the stigma; amplified image of E. Scale bar, 10 mm. A, floral apex; Cp, carpel primordia.
the fossil water-lily is the ancestor of modern Nymphaea, there should be a trend in floral evolution in which the floral radix has evolved from trimerous to tetramerous, and the perianth and stamen numbers have evolved from being fixed to being increasingly more numerous.
The flowers of the two genera Cabomba and Brasenia of Cabombaceae are trimerous and all organs are initiated simultaneously in whorls. After the initiation of the carpel, the meristems of the floral apex are used up and there are no central protuberances formed (Endress, 2001; Schneider et al., 2003) .
Research into molecular phylogenetics of Nymphaea, performed by Borsch et al. (2007) , has revealed that monophyly of the genus is not supported because the Australian genus Ondinea is nested within Nymphaea subgenus Anecphya. If Ondinea were included in Nymphaea, the range of variation in flowers and vegetative parts in Nymphaea would become much greater. Therefore, comprehensive studies are needed to obtain more evidence for the phylogeny of the genus. Löhne et al. (2007) , using quickly evolving and non-coding plastid markers, confirmed the monophyly of Cabombaceae, but did not provide convincing support for the monophyly of Nymphaeaceae with respect to Nuphar. Moreover, the genus Nymphaea was inferred to be paraphyletic with respect to Ondinea, Victoria and Euryale. The Australian endemic Ondinea formed a highly supported clade with members of the Australian Nymphaea subgenus Anecphya. In addition, Victoria and Euryale are inferred to be closely related to a clade comprising all night-blooming water-lilies (Nymphaea subgenera Hydrocallis and Lotos). The similarities in the floral development of Nymphaea, Victoria and Euryale provide support for the molecular phylogenetic results. Therefore, we can either, in a broad sense, include Ondinea, Barclaya, Victoria and Euryale in Nymphaea or, in a strict sense, segregate Nymphaea into three genera to represent Nymphaea subgenera Anecphya and Brachyceras (also including the genus Ondinea), Nymphaea subgenera Hydrocallis and Lotos, and Nymphaea subgenus Nymphaea, respectively.
